To assess the immunization status of young children in a predominantly Hispanic region in and around downtown Los Angeles, and factors associated with complete immunization by age 24 months. METHODS: The information was gathered in a two-stage cluster survey with probability proportionate to estimated size (PPS) sampling of 30 clusters at the first stage, and simple random sampling of a constant number of children at the second stage. Vaccination coverage was determined by a review of the home immunization (HI) card, or of clinic records. RESULTS: Of the 270 sampled children, 91.5% were Hispanic and 6.7% were Black. Home telephone numbers were not available in 24.8% of the homes, and 34.1% reported having no health insurance. Vaccination coverage was over 90% for the first three doses of Diphtheria, tetanus toxoids and pertussis/ diphtheria, tetanus toxoids and acellular pertussis vaccine (DTP/DTaP)/Diphtheria and tetanus toxoids vaccine (DT), first two doses of poliovirus (Polio) vaccine, first dose of measles, mumps and rubella (MMR) vaccine, and first two doses of hepatitis B (Hep B) vaccine. Yet, by age 24 months, only 72.2% of the children had received the combined series of 4:3:1 (i.e., four DTP/DTaP/DT, three Polio, one MMR). This was further reduced to 64.4% for the combined series of 4:3:1:3:3 (i.e., four DTP/DTaP/ DT, three Polio, one MMR, three Haemophilus influenzae type b (Hib), three Hep B). Factors associated with completed on-time vaccination were having an HI card available during the interview and being enrolled in Supplemental Nutrition Program for Women, Infants and Children (WIC). CONCLUSIONS: While vaccination levels for individual antigens were found to be high, more emphasis needs to be placed on getting preschool children vaccinated on-time according to the Recommended Childhood Immunization Schedule.
series (i.e., four or more doses of diphtheria, tetanus toxoids, BACKGROUND AND SIGNIFICANCE and pertussis (DTP/DTaP), or diphtheria and tetanus toxVaccination is the most effective means for preventing the oids (DT) vaccine; three or more doses of poliovirus vaccine occurrence of common childhood diseases. Yet, immuniza-(Polio); one of more doses of measles containing vaccine tion coverage may lag in urban regions where immigrants (MCV); and three or more doses of Haemophilus influenzae comprise a high percentage of the population, and possibly type b vaccine (Hib)) (2). they are not aware of the Recommended Childhood ImmuIn the same national survey, the immunization coverage nization Schedule, updated and widely publicized in the deficiencies were equally pronounced when comparing chilUnited States (1). dren from homes above and below the poverty level. While Children classified as either Hispanic or non-Hispanic many reasons have been cited for parents falling behind on black were found in a large national survey to have lower childhood immunizations (3), a recent experiment in Los vaccination levels than non-Hispanic white children, with Angeles suggests that innovative strategies can raise vaccidifferences being most evident with the 4:3:1:3 combined nation levels among inner city children, but the effort may be expensive (4). Before allocating scarce public health resources, however, the magnitude of the coverage problem call or revisit. When the information could not be obtained In 81% of the sampled homes, immunization information was obtained directly from the HI card at the time of the interview. Information about child's immunization history was obtained from 19 parents (7.0%) over the telephone tion levels of children, aged 24-47 months in a central city or by revisit after the interview was completed. These parregion of Los Angeles.
ents did not have the HI card available at the time of interview. Finally, clinics were contacted to get the immunization records for 27 surveyed children (10.0%) for whom METHODS parents did not have the HI card at home during or after the interview when again contacted by telephone or revisit.
Study Population
In about 2% of the sample (i.e., five children), there was no All children, 24-47 months at the time of enumeration, information about the immunization history of the children; living in zip codes 90007, 90011, and 90015 in and around that is, there was no available HI card or clinic record. To downtown Los Angeles were eligible to participate in the avoid bias, immunizations that occurred after the date of Young Child Immunization Survey (YCIS). The area is enumeration but before the time of interview were not predominantly populated by low income families, many accepted in the survey. whom have immigrated from Mexico or Central America.
The date of birth for the child was recorded from either For the first stage of sampling, the area was divided into 236 the immunization record, clinic record, birth certificate proclusters (groups of blocks), each with at least 20 estimated vided by the parents, or reporting of the parents. Five chilchildren aged 24-47 months using 1990 United States Cendren were included as two-year olds who were within four sus data.
days of their second birthday. Thirty clusters were randomly selected with probability proportionate to the estimated size (PPS) of the eligible Data Analysis child population. We next enumerated, with houseData were analyzed using the Csample module of Epi Info to-house visits, and found 718 children, aged 2-3 years, in program (Epi Info: Version 6.04. Centers for Disease Control the 30 chosen clusters. At the second sampling stage, we and Prevention, Atlanta, Georgia, 1997) and the Survey randomly selected 10 targeted and five alternate children module of STATA (Stata: Release 5.0. StataCorp. College per cluster and were able to interview the parents of 270 Station, Texas, 1997) statistical program. Both programs of the targeted 300 children. Participation was 63.1% of account for the expansion of variance which is typical of the sampled children who were previously enumerated, and cluster surveys. The recommended childhood immunization 81.3% of the sampled children whose parent or guardian schedule (United States, January-December, 1997) of the was at home at the time of the interview.
Advisory Committee on Immunization Practice (ACIP) was used for analyzing the immunization coverage levels (1).
Interview
We calculated the immunization coverage as a percentage A signed consent form was obtained from the parent or of the sampled children who received the specified vaccine guardian before conducting the interview or abstracting the dose, along with the 95% confidence intervals (CI). information from the home immunization (HI) card. The To determine the relationship between immunization data collection form included demographic questions about status (as an outcome) and factors expected to be associated the child's age, sex, and race. It also had questions about with the outcome, we used the logistic regression module parent's or guardian's perception about the immunization (i.e., svylogit) of Stata to derive odds ratios (ORs) and status of the child and barriers to immunization, the type 95% CI. of immunization provider used, enrollment in the Supplemental Nutrition Program for Women, Infants and Children (WIC), and insurance coverage. The vaccine doses and date RESULTS of immunization were abstracted from the HI card. If the HI card was absent at the time of the interview, information Among the 270 sampled children, more than half were twoyear olds, half were male, and nine of ten were Hispanic on vaccinations was obtained through a follow-up telephone three doses of Hep B (see Figure 1 ). Yet, with the exception d Multiple responses are permitted.
of Hep B, the confidence intervals bracket 90%, suggesting that the differences could be due to sampling variation. For three doses of Hep B, however, the coverage does exceed (see Table 1 ). While we did not ask about financial status, the 1996 interim goal of 70%. many appeared to be in lower income families. Nearly one
The findings in the YCIS, as shown in Figure 2 , are very fourth of the homes did not report a home telephone numsimilar to immunization levels reported for the United States ber. Over a third of the children had no family health in the National Immunization Survey (NIS) (5). Children insurance coverage, and almost 87% of those who responded in our survey area were slightly higher in DTP/DTaP/DT were enrolled in the United States Department of Agriculcoverage, slightly lower in Hib coverage, lower in varicella ture's Special Supplemental Nutrition Program for Women, coverage, and nearly identical in Polio, MMR, and Hep Infants, and Children (WIC) (see Table 1 ). Immunizations B coverage. The ages of the children prevent direct comparisons, however, since the NIS included children aged 19-35 tended to be given at the health department or by pediatri- months compared to aged 24-47 months in our study. To responded, "yes." Among the 75 children who had not received the entire 4:3:1:3:3 series, 85.3% of the parents address this issue, we reanalyzed our data in a retrospective thought that their child had been fully immunized. In conmanner for 212 children, aged 19-35 months, and found trast, among the 195 who had received the 4:3:1:3:3 series, no appreciable differences in four vaccines (i.e., Polio3, only 4.1% of the parents stated the children were not fully Hib3, MMR ,and Hep B3), a decrease in one vaccine (Dtp/ immunized or were unsure of their status. Another three parDTaP/DT4: 81.6% vs. 83.7%) and an increase in another ents (1.5%) did not respond. Thus, in our sample the parents (Var: 15.1% vs. 13.0%). The recalculated values remain of fully immunized children seemed to know that they were comparable to the NIS for most of the vaccines, but remain completely immunized, but most parents of children not fully lower for Hib and Var.
immunized did not recognize the need for more shots. Among the handful of parents of the 75 not fully immuParent's Knowledge nized children who were aware of the need for more shots, Independent of the recommended age at vaccination, only the reasons given for the lack of vaccination varied. Most about 72% of the children received the 4:3:1:3:3 combined commonly mentioned by the 11 parents with an opinion series (see Table 2 ). Yet, when asked if their child had obwas confusion with the immunization schedule (5 or 45.5%), followed with two parents each for "did not know where to tained all the necessary shots, 248 (91.9%) of all parents FIGURE 1. Vaccination coverage levels by aged 24 months in Young Child Immunization Survey (YCIS) compared to national CII goals for 1996 and 1998. go for immunization," "concerned with the cost of immuniORs in Table 3 . Having a telephone at home had no measured effect on either the 4:3:1:3 series or the 4:3:1:3:3 series zation," and "did not have time to take the child for the by aged 24 months. immunization" (18.2% each), and one parent each for "did A more substantial effect was observed among those havnot know about immunization," "were afraid the shot would ing the HI card to remind parents of the scheduled doses. hurt or make their child sick," and "doubted that the immuWhile 73.1% of children whose parents had an HI card nization is really helpful" (9.1% each). In summary, lack of received the 4:3:1:3 series by aged 24 months, only about knowledge rather than parental fears or anxieties is what half of those who did not have a HI card (i.e., 52.9%) likely contributed to most parents not having their children received the same series. The age-adjusted OR for this assofully immunized. ciation was 2.49, with a 95% CI that did not bracket 1.0 (the null value of no association). The association of HI Risk of Inadequate Coverage card and vaccination coverage was also apparent for the To view the relation between the 4:3:1:3 series and 4:3:1:3:3 4:3:1:3:3 series, with an OR of 2.07. Enrollment in the WIC series by aged 24 months as outcome variables and various program was also positively associated with both the 4:3:1:3 characteristics as risk factors, we derived ORs adjusted for and 4:3:1:3:3 series, although not statistically significant the potential confounding effects of age. Two-year olds were (see Table 3 ). more likely than those past their third birthday to have Another factor associated with completing the 4:3:1:3 received both the 4:3:1:3 series (OR ϭ 1.75 ; 95% CI ϭ and 4:3:1:3:3 series by aged 24 months is receiving the first 1.04-2.95) and 4:3:1:3:3 series (OR ϭ 1.88; 95% CI ϭ vaccine dose at the age cited in the Recommended Childhood 1. 16-3.06) . Age may also be associated with the variables Immunization Schedule. In Table 3 we present results for under consideration, thereby confounding the apparent asreceiving from one to four vaccines on time in the first months of life. While the CIs are wide and bracket 1.0 (the null value sociation. To account for this, we present the age-adjusted indicating no association) for all but one of the comparisons, of the 4:3:1:3 series by aged 24 months, we observed in Figure 3 that the on-time and not-on-time groups showed the trend is clearly evident: as more initial vaccines are received on time, children are more likely to have completed the full different patterns. Among those who followed the recommended schedule for the first doses of three vaccines (i.e., immunization series on time.
We decided to further explore the relationship between DTP/DTaP/DT, Polio, and Hib), having an HI card or participating in WIC had no additional effect on subsequent coverage and having an immunization card at home and participation in WIC, although we recognized that small completion of the vaccine series. However, among those who were not initially vaccinated at the recommended time, numbers of subjects compromise the power of our statistical tests. We reasoned that both WIC and HI card would have both HI card and WIC appear to have a positive effect on completion of the 4:3:1:3 series. little effect on the timeliness of initial doses of vaccine, but might have an effect on the timeliness of subsequent doses,
The numbers for this analysis, however, are very small, and only the comparison between the reference group (i.e., or on completion of the vaccine series. To address this point, we first divided the surveyed children into those who no HI card and no WIC) and "HI card and WIC" was statistically significant (OR ϭ 10.27; 95% CI ϭ 1.47-71.51). did and did not receive their first doses of DTP/DTaP/DT, Polio, and Hib at ages 61-91 days, the age recommended Finally, we considered the relationship between the provider of immunization coverage and completion of the in the childhood immunization schedule (1). As expected, neither having an HI card nor participation in WIC were 4:3:1:3 and 4:3:1:3:3 series by aged 24 months. We asked the question "where does the child usually go for immunization related to being in the on-time group (HI card ϭ 38.4%, no HI card ϭ 35.3%, p ϭ 0.69; WIC ϭ 38.3%, no WIC ϭ shots?" The responses were included as eight categories (see Table 1 ). For our analysis, the responses were recoded into 38.9% , p ϭ 0.94). Yet, when we compared the impact of having an HI card and WIC participation on completion three categories: only one provider was mentioned, the one provider plus others was mentioned, and the one provider tive for the health department as source, but was 1.0 for was not mentioned. We then derived ORs for each provider family practitioners. category comparing both the "only mentioned" and "mentioned but not only" groups to the reference group of "not mentioned." The findings are presented in Table 3 . While DISCUSSION none of the ORs are statistically significant, in general the Our participation rate varied between 63.1% for those who associations were more definite for the "only mentioned" catewere identified by enumerators weeks earlier and 81.3% for gory than the more diluted "mentioned but not only" category.
those who were at home at the time of interview. The Pediatricians, family practitioners and neighborhood former participation rate of 63.1% is equivalent to 66% clinics were mildly associated with completion of the 4:3:1:3 experienced in a similar style of face-to-face interview survey series by aged 24 months, while the health department as done years earlier in Los Angeles (14), while the latter a source of immunizations was not associated with completparticipated rate of 81.3% is greater than the 67% response ing the 4:3:1:3 series. The association with the 4:3:1:3:3 reported for the at-home telephone survey of the United series remained positive among pediatricians and neighborhood clinics (but not statistically significant), became posiStates population done by the National Immunization Sur- vey (NIS) (5). Our participation value of 81.3%, however, personal questions about factors such as family income, or even mother's education and marital status. Nevertheless, was within the range of 55-83% reported for the 78 individual survey areas of the NIS (5). We have no additional our impression based on the interview preference for Spanish, absence of telephones and presence of WIC enrollment information on non-participants.
Children in the Los Angeles study population were exis that families in our predominantly Hispanic study area were less acculturated and likely poorer than families elsepected before aged 24 months to have received 15 to 16 doses divided among six vaccines, as advised in the Recomwhere in Los Angeles. In an earlier study also in Los Angeles, Anderson and associates (6) reported that less-acculturated mended Childhood Immunization Schedule (1). Although many of our surveyed parents appeared to be of low-income mothers were actually more likely to have adequately immunized children. In their study, factors associated with lower and likely were less acculturated than families in higherincome regions of Los Angeles, over 90% of their children immunization levels were inadequate prenatal care, absence of close family members, being other than firstborn, and partially complied with this requirement, at least with five of the six vaccines. The NIS has shown that poverty status having more than one family relocation during the child's lifetime. is not a major determinant of immunization levels in the United States, although levels among children below povWhile coverage for individual vaccines met the interim goal for the Childhood Immunization Initiative, coverage erty level tended to be lower by several percentage points than those at or above poverty level (2).
was lower when considering timely vaccination. By aged 24 months, more than a third of the study subjects had not Our findings seem to agree that given existing support programs, poverty per se has a negligible effect on being received the combined 4:3:1:3:3 series, placing them at risk of vaccine-preventable childhood diseases. vaccinated, although in our study we have no direct information on family income. Since community volunteers accomOur finding that 85% of parents of not-fully-immunized children thought them fully immunized suggests that many panied many of the interviewers, we were reluctant to ask
